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BOX PCT 

IN THE UNITED STATES ELECTED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER II 
5 PRELIMINARY AMENDMENT 

APPLICANTS: HEINRICH JURGENSEN 

DOCKET NO: P99,2405 
SERIAL NO: GROUP ART UNIT: 

EXAMINER: 

10 INTERNATIONAL APPLICATION NO: PCT/DE98 /014 4 9 

INTERNATIONAL FILING DATE: 27 May 1998 

INVENTION : "METHOD AND ARRANGEMENT FOR REDUCING THE 

PUMP LIGHT AT THE EXIT OF A FIBER LASER" 

Assistant Commissioner for Patents, 
15 Washington, D.C. 20231 

Sir: 

As a Preliminary Amendment for entry into the 
National Stage for the above-identified PCT application, 
the following is submitted: 
20 IN THE DRAWINGS : 

Please make the drawing corrections indicated in 
the attached Submission of Corrected Drawings. 
IN THE ABSTRACT : 

Please amend the Abstract as follows: 
25 In line 1, delete "ABSTRACT" and substitute 

— ABSTRACT OF THE DISCLOSURE — . 

In line 2, delete "The" and substitute — A — . 
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In line 2, delete "cladding" and substitute 
— sheath — . 

In line 2, delete "the" and substitute — a — . 

In line 5, delete "vagrant" and substitute 
5 --stray-- . 

In line 7, delete "cladding" and substitute 
--sheath-- . 

IN THE SPECIFICATION : 

Please amend the specification as follows: 
10 On page 1, delete "SPECIFICATION". 

On page 1, before the title, insert 
— S PECIFICATION 
TITLE — ; 

after the title, as a separate line, insert 
15 — BACKGROUND OF THE INVENTION — . 

On page 1, at line 1, insert — , — after "core". 

On page 1, at line 11, delete "cladding" and 
substitute --sheath-- . 

On page 1, at line 22, delete "To that end" and 
20 substitute — For that purpose--. 

On page 1, at line 31, delete "appertaining" and 
substitute — corresponding-- . 

On page 2, at line 17, delete "maladjustment" and 
substitute --mis-adj ustment — . 
25 On page 2, before line 18 as a separate line, 

insert the following heading: 

— SUMMARY OF THE INVENTION — . 


r 


On page 2, delete lines 23-25 and substitute the 
following : 

— According to the invention, a method is provided 
for reducing pump light in an exit of a fiber laser 
formed of a fiber core surrounded by an inner fiber 
portion which in turn is surrounded by a sheath. A last 
section of the fiber laser preceding a light exit for 
laser light thereof does not have provided thereat at 
least a portion of the sheath. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the fiber laser of the invention in 
which pump light has been reduced in an exit thereof. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS — . 

On page 2, at line 26, delete "The Figure" and 
substitute — Figure 1 — . 

On page 2, at line 27, after "light" insert — 5 — . 

On page 2, at line 27, after "optics" insert 

— 6--. 

On page 2, rewrite line 28 to read: — at one end 4 
of the fiber 10, the left end in the drawing. Let the 
pump fiber have a fiber core 2 surrounded by an inner 
fiber portion 1 and — . 

On page 2, at line 29, before "diameter" insert 
— a — , after "diameter" insert — d k — , delete "7 0" and 
substitute --7--, delete "and" and substitute --an—, 
after "diameter" second occurrence, insert — di — , delete 
"approximate" and substitute — approximately — . 

On page 2, at line 30, after "diameter" insert 
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On page 2, last line, after "rays" insert — 8--, 
after "arrows" insert — at end face 9 — , delete 
"Inventively" and substitute — According to the 
invention,--, after "fiber" insert — 10 — . 
5 On page 3, at line 1, delete "cladding" and 

substitute --sheath 3--, after "section" insert --A--. 

On page 3, at line 3, delete "cladding" and 
substitute --sheath-- . 

On page 3, at line 4, after "tapers" insert 
10 --at section B — . 

On page 3, at line 7, after "fiber" insert — 10 — . 

On page 3, at line 8, after "sheath" insert 

— 7--. 

On page 3, at line 11, delete "vagrant" and 
15 substitute — stray — . 

On page 3, at line 12, after "core" insert — 2 — . 
On page 3, at line 12, after "exit" insert — 11 at 
end face 9--. 

On page 3, at line 13, delete "cladding" and 
20 substitute --sheath--. 

On page 3, at line 15, after "end" insert — or 
exit-- . 

On page 3, at line 15, delete "fiber end" and 
substitute — "fiber end"--. 
25 On page 3, at line 16, delete "ensue" and 

substitute — occur — . 

On page 3, as the last paragraph, insert the 
following paragraph: 

— Although various minor changes and modifications 
30 might be proposed by those skilled in the art, it will be 
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understood that my wish is to include within the claims 
of the patent warranted hereon all such changes and 
modifications as reasonably come within my contribution 
to the art. — 

5 IN THE CLAIMS : 

On page 4 of the claims, at line 1, please change 
"PATENT CLAIMS" to — I CLAIM AS MY INVENTION — . 

Please cancel claims 1-8 without prejudice 
Please add new claims 9-16 as follows: 
10 9. A method for reducing pump light in an exit of 

a fiber laser formed of a fiber core surrounded by an 
inner fiber portion which in turn is surrounded by a 
sheath, comprising the steps of: 

providing a last section of the fiber laser 
15 preceding a light exit for laser light thereof so that at 
least a portion of the sheath is not provided. 

10. The method according to claim 9 including 

the step of at least partially stripping said last 
section of said fiber laser of said sheath. 

20 11. The method according to claim 10 wherein 

the sheath is entirely stripped away at said last 
section . 

12 . The method according to claim 9 wherein 

during manufacture said last section of said fiber laser 
25 has only at least a part of a sheath provided thereon. 
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13. The method according to claim 12 wherein 
during manufacture said last section has no sheath 
provided thereon at all. 

14. The method according to claim 9 including 
5 the step of providing said sheath such that a diameter 

thereof tapers in wedge-like fashion toward said light 
exit in a region of said last section. 

15. The method according to claim 9 including 
the step of removing at least the portion of said sheath 

10 at said last section by etching. 

16. A fiber laser, comprising: 

a fiber core surrounded by an inner fiber portion 
which in turn is surrounded by an outer sheath; and 

at a last section of the fiber laser leading to a 
15 light exit for laser light said sheath being at least 
partially removed. 

17. The fiber laser according to claim 16 
wherein the sheath at said last section is entirely 

2 0 removed. 


18. The fiber laser according to claim 16 

wherein at a region of said last section said sheath 
tapers in wedge-like fashion toward said light exit. 


19. The fiber laser according to claim 16 

25 wherein at said last section said sheath is removed 
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completely and an outer portion of said inner fiber 
portion is roughened where said sheath is completely 
removed leading to said laser light exit. 

20. A method for reducing pump light in an exit 
5 of a fiber laser formed of a fiber system surrounded by 
a sheath, comprising the steps of: 

providing a last section of the fiber laser 
preceding a light exit for laser light thereof so that at 
least a portion of the sheath is not provided thereat. 


10 REMARKS 

The specif ication, drawings, and Abstract have been 
amended in accordance with U. S. practice. Also, new 
claims generally corresponding to claims prosecuted in 
the PCT prosecution are presented and which are drawn in 
15 accordance with U. S. practice. 

A copy of an Information Disclosure Statement is 


also provided for the Examiner's review. 
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SPECIFICATION 

METHOD AND ARRANGEMENT FOR REDUCING THE PUMP LIGHT AT 
THE EXIT OF A FIBER LASER 


In a fiber laser, the resonator is composed of a specific fiber that 
contains a single mode fiber in the inside core this being matched in terms 
of dimensions and material to the wave length range of the laser to be 
achieved and the diameter thereof lying in the region of a few urn. This 
"laser fiber" is surrounded by a "pump fiber" having a diameter of a few 
hundred urn into which the pump light is coupled. The "laser fiber" is thus 
embedded into the core of the pump fiber. The pump fiber is surrounded by 
a cladding of material having a different refractive index that guarantees the 
guidance of the pump light in the pump fiber, as known from light waveguide 
technology. The core of the pump fiber can have a round cross-section but 
can also have a cross-section deviating therefrom, for example rectangular 
or quadratic, in order to enable an especially good matching to the pump 
source (laser diode). 

The pump mechanism occurs in that the pump light excites the laser 
fiber. As a result thereof, the pump energy is consumed more and more over 
the length of the fiber, namely, beginning at the pump source, the energy 
content of the pump fiber drops roughly exponentially up to the end, i.e. to 
the laser exit. Optical efficiencies of above 50% are achieved with fiber 
lasers. To that end, fiber lengths of approximately 50 meters are required. 
Up to 90% of the pump light has been consumed by the end of the fiber. 
Due to the exponential consumption of the pump power, it is not meaningful 
for economical reasons to make the pump fiber even longer, i.e. 
approximately 10% of the pump light emerges from the pump fiber and is 
superimposed on the laser light from the inner core of the fiber; the laser light 
thereby emerges from the fiber as a thin, diffraction-limited bundle, whereas 
the pump light has a very large aperture angle. 

The wave length of the pump source of a known fiber laser lies at 900 
nm; the wave length of the appertaining laser lies at 1100 nm. The pump 
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power of this laser amounts to 20 W; the laser power amounts to 
approximately 10 W. Approximately 2 W pump power are superimposed on 
the laser light. 

Given applications that attach importance to a precise laser power on 
5 the order of magnitude of 1%, as is generally required, for example, in 

reprographics, the presence of the pump light leads to considerable 
problems, since it does not follow the beam path of the laser light because 
of the different aperture. Substantial measuring errors in the sensors thus 
occur due to stray light that the pump light causes. Likewise, inadmissible 
10 heating by the pump light occurs in sensitive arrangements. 

Although the pump light could be separated from the laser light by a 
steep edge filter, the filters are easily destroyed given high power densities. 
This leads to a spatially large structure and expensive filters. It would 
likewise be conceivable to intercept the pump light with suitable diaphragms, 
is The problem with this is that either the diaphragms must be made so large 

that they also allow pump light to pass or there is the risk that the 
diaphragms burn given slight maladjustment. 

An object of the invention is to find a simple method and a simple 
arrangement with which the remaining pump light is not even allowed to 
2 o come to the end of the fiber but is already completely intercepted earlier, so 

that a reduction of the emerging pump light by at least the factor of 100 is 
achieved. 

This object is achieved by the measures recited in claim 1. 
Advantageous developments of the invention are described in subclaims 2 

2 5 through 8. The invention is described below with reference to the Figure. 

ThgJEigurg^hows a pump fiber that is shown in two cut sections for 
drafting-oriented reasons. The pump light is supplied via a focusing optics 
at one end of the fiber, the left end in the drawing. Let the fiber have a core 
diameter of approximately 70 pm, and inside diameter of approximate 300 

3 0 pm and an outside diameter of approximately 600 pm. The pump light is 

guided by total reflection at the inside wall of the waveguide, this being 
illustrated with light rays provided with arrows. Inventively, the pump fiber is 


stripped of its cladding over the last section, i.e. in the right-hand part of the 
drawing (for example, over the last 50 cm). This can occur by etching off the 
coating. The cladding is preferably etched off wedge-shaped, so that it 
tapers over, for example 40 cm beginning at the end facing toward the pump 
source and is then completely removed for a further 10 cm. As a result 
thereof, the remaining pump power of approximate 2 W is continuously 
eliminated into the environment over the distance of 40 cm. The pump fiber 
is usually surrounded by a protective sheath of tensile material, for example 
Kevlar fibers, that is in turn surrounded by a metal sheath. The heat transfer 
into the protective sheath can thus be controlled over the length of the 
wedge-shaped distance, so that no overheating occurs. How much vagrant 
pump light still proceeds via the fiber core to the fiber exit can be checked 
over the length of the fiber completely freed from the protective cladding. A 
length of 10 cm is completely adequate for most applications. In order to 
avoid reflections at the fiber end, the fiber end can also be additionally 
roughened. This can ensue by grinding or by additional etching. 


PATENT CLAIMS 

1 . Method for reducing the pump light at the exit of a fiber laser 
that is composed of a laser fiber and of a pump fiber surrounding it, 
characterized in that the pump fiber is entirely or partially stripped of its 
cladding over the last section preceding the light exit of the laser light or is 
manufactured such that the last section of the pump fiber is not clad or is 
only partially clad. 

2. Method according to claim 1 , characterized in that the cladding 
is removed such that the diameter of the cladding tapers wedge-like toward 
the end of the fiber. 

3. Method according to claim 1 or 2, characterized in that a region 
of the fiber is completely stripped of the cladding toward the end of the fiber. 

4. Method according to one of the claims 1 through 3, 
characterized in that the cladding of the fiber is removed by etching. 

5. Arrangement for reducing the pump light at the exit of a fiber 
laser that is composed of a laser fiber and a pump fiber surrounding it, 
characterized in that the last section of the pump fiber is not clad or is only 
partially clad. 

6. Arrangement according to claim 5, characterized in that the 
diameter of the cladding tapers wedge-like toward the end of the fiber. 

7. Arrangement according to claim 6, characterized in that a 
region of the fiber is completely stripped of the cladding toward the end of 
the fiber. 

8. Arrangement according to one of the claims 1 through 7, 
characterized in that the fiber end stripped of the cladding is roughened. 
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ABSTRACT 

The pump fiber is stripped of its cladding over the last section. This 
can occur by etching the coating off. The cladding is preferably etched off 
wedge-shaped. As a result thereof, the remaining pump power is eliminated 
5 into the environment. How much vagrant pump light still proceeds via the 

fiber core to the fiber exit can be monitored over a length of the fiber 
completely stripped of the protective cladding. 
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